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PROCESS FOR SEPARATING PROTEINS
FIBRINOGEN, FACTOR XIIT AND
BIOLOGICAL GLUE FROM A SOLUBILIZED
PLASMA FRACTION AND FOR PREPARING
LYOPHILISED CONCENTRATES OF SAID
PROTEINS

[0001] This application is a Divisional Application of
copending application Ser. No. 11/477,212 filed on Jun. 28,
2006, which claims priority to Application No. 05 06640 filed
in France on Jun. 29, 2005. The entire contents of all of the
above applications are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention is related to a process for
separating proteins fibrinogen, Factor XIII and biological
glue, and for preparing highly purified lyophilised concen-
trates of said proteins, and is also related to said lyophilised
concentrates capable to be obtained by the process.

BACKGROUND OF THE INVENTION

[0003] Fibrinogen is an essential protein for the blood
coagulation because its polymerisation to insoluble fibrin,
which is formed at the end of the reaction cascade governing
the coagulation, leads to the formation of a clot, blocking the
vascular gap, responsible for the bleeding. The formation of
the clot is essential to stop the bleeding. Further, the fibrin
formed on the wound level forms a fibrillary network ensur-
ing the tissue repair (wound healing).

[0004] Congenital fibrinogen deficiencies can lead to seri-
ous diseases. In order to treat these deficiencies, it is neces-
sary that fibrinogen concentrates, which can be administered
to patients under treatment, are available. Other pathologies
can also be treated by administering of fibrinogen, especially
in cases of massive blood losses (surgery, traumas, etc.), or
following to a disseminated intravascular coagulation syn-
drome (CIVD).

[0005] Moreover, biological glues, activated by thrombin,
containing fibrinogen as the major component, and Factor
XIII (FXIII), are efficiently used in tissue repair in clinics,
such as skin transplantation, nervous and arterial sutures, as
described, for example, in patents EP 0305 243, FR 2 448 900
and FR 2 448 901. The presence of Factor XIII or trans-
glutaminase in these products contributes to the stabilization
of fibrin by formation of intercatenary covalent bindings
which make it insoluble. In some cases, these products are
obtained by means of rather complex fibrinogen production
processes, which require an external supply of purified Factor
X111, in order to be able to perform their therapeutic function.
[0006] Therefore, production of fibrinogen, biological
glues and Factor XIII concentrates, especially for therapeutic
uses, requires purification techniques leading to these prod-
ucts, which are not only sufficiently free of various contami-
nants, such as the accompanying or co-precipitated proteins,
antibodies or proteases but, in addition, their viral safety is
increased.

[0007] The isolation of fractions enriched in fibrinogen,
possibly containing FXIII, from plasma, is well known and
first described by Cohn and Nitschmann (Cohn et al, J. Am.
Chem. Soc., 68, 459, 1946 and Kistler et al, Vox Sang., 7,
1962, 414-424). More recent methods combine precipitating
techniques of different plasma sources with filtration, chro-
matography, viral inactivation techniques, etc. The following
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patents and patent applications can be cited as examples: EP
0359 593, U.S. Pat. No. 5,099,003, EP 0 305 243, FR 2 448
900 and FR. 2 448 901,

[0008] Nevertheless, different processes yielding concen-
trates or compositions either of fibrinogen, as described in the
patent application EP 1 457 497, or of biological glue, for
example according to the patent EP 0 771 324, or enriched in
fibrinogen containing further associated proteins such as
FXII1, Factor VIII, fibronectin, Factor von Willebrand etc.
(especially U.S. Pat. No. 6,121,232) are carried out.

[0009] These processes, however, involve the use of sepa-
rate production, lines consequently using different methods
employing several sources of raw materials for obtaining
these considered proteins. Furthermore, depending upon the
case, these methods can involve expensive chromatographic
substrates, such as affinity gels based on chelated metals (WO
2004/007533) liable to release residual metals into the eluate,
which can lead to unwanted reactions with the proteins (for
example oxidation). This creates problems of clumsiness of
the carrying out on industrial scale, when these three purified
active principles are needed together. These problems are
even more obvious when the different thus obtained proteins
areto be subjected to a viral inactivation and/or viral and other
unwanted contaminants, such as prions, removal treatment.
[0010] To this end, some classical viral inactivation treat-
ments implementing a heat treatment, such as pasteurisation
at 60° C., for 20 hours, in the presence of protecting stabiliz-
ers, and a chemical treatment, such as solvent-detergent,
intended to make the above concentrates compatible with
therapeutic use, do not allow to inactivate completely the
viruses, especially non-enveloped viruses (parvovirus B19,
hepatitis A and B, etc.),

[0011] In order to find a solution to this drawback, use is
currently made of more efficient viral inactivation processes,
such as dry heat treatment under harsh conditions (80° C., 72
h). This step requires the incorporation of a suitable stabiliz-
ing formulation offering conditions such as, for example, the
fibrinogen stabilization in this step, while the viruses are
being destroyed. Such a formulation is the subject-matter of a
patent application FR 04 02001 filed by the Applicant. How-
ever, this formulation can be applied to the stabilization of a
defined protein and not of the accompanying proteins, char-
acteristics of which are different of those of fibrinogen.
[0012] The filtration techniques, especially the nanofiltra-
tion using filters with a porosity of 35 nm, and even less, have
also been carried out in order to remove viruses. However,
this technique cannot be efficiently used without controlling
the physical and chemical parameters influencing the recov-
ery output of compounds to be filtered, and this by avoiding
the clogging of the filter and the passage of various viruses
and contaminants. These parameters, such as ionic strength,
pH of the solution, and filtration process conditions, as well,
lay down the specific process conditions which depend also
on the nature of the compound(s) contained in the solution to
be filtered. Although the patent applications EP 1 348 445 A1,
EP 1161 958 A1 and WO 99/23111 disclose the nearly total
removal, of very small sized non-enveloped viruses present in
the protein solutions, such as hepatitis A, by nanofiltration,
making use of filters of 15 nm, however, the risk of transmis-
sion of unwanted viruses or prions is always present.

[0013] In order to avoid this risk, a double or even a triple
viral inactivation and/or removal combining at least two of
the above mentioned techniques can he performed, as
described for example in the patent application WO 2004/
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007533. When such treatments are combined, then it is essen-
tial to choose, depending upon the viral inactivation method,
the virucidal excipients and/or protecting stabilizers which
are not exerting a concomitant deleterious effect, as for
example on the above mentioned physical and chemical
parameters governing the nanofiltration.

SUMMARY OF THE INVENTION

[0014] Therefore, the Applicant, investigated the develop-
ment of a process for separating fibrinogen, Factor XIII and
biological glue activated by thrombin meeting a double
objective. On one hand, the development of a unique process
which allows to obtain together concentrates of these freeze-
dried and highly purified proteins from a single plasmatic raw
material containing fibrinogen and Factor XIII, and, on the
other hand, this process should be compatible with at least
one viral inactivation and/or viral and other unwanted con-
taminants (polymers, aggregates, prion) removal treatment,
as well.

[0015] Therefore, the present invention is related to a pro-
cess for separating proteins fibrinogen, Factor XIII and bio-
logical glue from a solubilized plasma fraction, based on
fibrinogen and Factor XIII, and for preparing freeze-dried
concentrates of said proteins comprising the following steps
of:

[0016] a) chromatographic purification comprising the
steps of:
[0017] loading an anion exchanger of weak base type with

the said solubilized fraction, said exchanger being previously

equilibrated with a buffer having a predetermined ionic

strength of an alkaline pH, thus allowing the retention of the
biological glue,

[0018] elution of the biological glue by increasing of the

ionic strength of the said buffer,

[0019] a)separation of FXIII from fibrinogen by additionto
at least a part of the biological glue eluate of at least one
chemical agent precipitating the FXIII, and recovery of the
resulting supernatant solution of purified fibrinogen, and

[0020] b) diafiltration of the fibrinogen, biological glue and
resolubilized FXIII solutions, followed by a freeze-drying
of said solutions.

[0021] Thus, the Applicant found that freeze-dried, highly
purified, fibrinogen, Factor XIII and biological glue concen-
trates, free of coprecipitated proteins and of unwanted con-
taminants, can be obtained on industrial scale by means of a
unique flexible process which allows, depending upon the
needs, to adjust optimally the production of each considered
compound, while ensuring the optimal profitability of the raw
material. Such a simple, rapid and low cost process is easy to
carry out on industrial scale, and yields an increased optimi-
sation of various production flow-charts.

[0022] Moreover, depending upon the used raw material

and the intended application, additional process steps oil viral

inactivation and/or removal are yielding the three concen-
trates of interest, suitable for therapeutic use.

DETAILLED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0023] According to the invention, use can be made or
several sources of raw materials containing fibrinogen and
Factor XIII. Thus, these Plasma fractions are obtained by
plasma fractionation collected under conditions which are
unfavourable for maintaining a sufficient ratio of Factor VIII,
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which is a labile protein, following to the Cohn process using
cold alcohol. It is also possible to apply the above mentioned
fractionation to a previously solubilized cryoprecipitate, as
far as the extraction of Factor VIII is not aimed, for example
in the case of a cryopreciptate with an expired shelf-life or not
meeting the conformity requirements of the minimal content
ofFactor V1II, or to cryoprecipitate depleted plasma. So these
different sources of fibrinogen constitute a precipitate of
Cohn fraction I which, after washing, is dissolved in any
suitable buffer with a neutral pH, known by those skilled in
the art. For example, such a buffer is based on sodium chlo-
ride, trisodium citrate and L-arginine, with a pH of about 7.4,
containing each component in a concentration preferably of
0.12 M, 0.01 M and 0.05 M, respectively.

[0024] Thus the flexibility of the process of the invention is
also related to the variety of raw materials liable to contain
extractible fibrinogen, the purification of which yields the
three considered concentrates intended for targeted therapeu-
tic uses.

[0025] The process can also include, prior to step a) an
initial prepurification step of the solubilized plasma fraction
by a classical pretreatment with aluminium hydroxide and/or
by a precipitation at low temperature. The addition of alu-
minium hydroxide ensures the removal of unwanted proteins,
such as the Factors II (FII), VII, IX and X (FX). This prepu-
rified fraction can be frozen until being used in order to carry
out the following process steps of the invention.

[0026] The chromatographic purification of the solubilized
plasma fraction is carried out on any matrix based on a natural
or synthetic polymer, resin or gel, on which are grafted groups
of anion exchangers of weak base type, such as the DEAF.
Classical chromatographic substrates of this type are avail-
able under trade names DEAE-Sepharose® CL-69, DEAE-
Trisacryl LS, Fractogel TSK-DEAE 650 M or S, DEAE-
Macroprep (Bio-Rad, France), etc.

[0027] The equilibrating buffer of the anion exchanger pre-
sents a predetermined ionic strength and its pH value has to be
in the alkaline range.

[0028] The equilibrating buffer has an ionic strength typi-
cally of less than 0.2 and, preferably, is in the range of values
of from 0.06 to 0.2. More particularly, the ionic strenght is in
the range of values of from 0.08 to 0.15. It is preferably
adjusted by addition of inorganic salts of alkali or alkali-earth
metals or mixtures thereof, most preferably of inorganic salts
of alkali metals, particularly of sodium chloride.

[0029] The maximal pH value of the equilibrating buffer is
such as to avoid any denaturation of the considered products,
that is of about 10. Advantageously, the pH is in the range of
values higher than 7 up to 9, preferably from 7.5 to 8.2. By
way of example, this buffer contains a concentration of 0.06
M of sodium chloride with a pH of 7.9-8.1, and very prefer-
ably can further comprise trisodium citrate in a preferred
concentration of 0.011 M. Any other butter based on sodium
chloride or on inorganic salts of alkaline or earth-alkaline
metals, comprising further biologically active compounds,
which are compatible and not denaturating the products of
interest, can also be used.

[0030] When the above solution has been applied to the
anion exchanger, the biological, glue is retained on the sub-
strate. The process can include, prior to the biological glue
elution step, a washing step with the said equilibrating buffer
of the anion exchanger until not retained proteins and con-
taminants are removed. This washing step allows, by perco-
lation of this buffer on the substrate, the passage into the
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filtrate of the not-retained or weakly retained, on the
exchanger, proteins present in the solution containing the
fibrinogen, such as immunoglobulins G (IgG), A (IgA) and M
(IgM) and albumin, and contaminants, such as the chemical
viral inactivation agents. The washing period of time is deter-
mined by measuring the optical density (OD) of the filtrate at
awavelength of 280 nm. Indeed, a value of OD corresponding
to that of the baseline is a good indication that the above
mentioned compounds were effectively eliminated.

[0031] After return to the baseline, the elution of the bio-
logical glue is carried out by increase of the ionic strength of
the equilibrating or washing buffer, the pH of which is pref-
erably setto a value 0f 7.4-7.6. The value of this ionic strength
is selected with the aim of obtaining an efficient elution of the
biological glue, making sure that this value does not alter the
properties of the considered product. Advantageously, the
value of the ionic strength is in the range between 0.5 and 1.3,
particularly between 0.9 and 1.1. This increase of the ionic
strength is carried out by addition of any here above defined
salt or mixture of salts, especially of sodium chloride. More-
over, the elution buffer can contain further excipients, such as
a mixture of components called mixture A, comprising triso-
dium citrate (10 to 12 g/1), lysine (1 to 5 g/1), glycine (1 to 5
g/1), Tris salt (2 to 5 g/1), arginine (25 a 50 g/1) and isoleucine
(5a15 g/1). The protein concentration in the eluate is of about
4 g/l

[0032] At least one part of the recovered amount of the
biological glue eluate is subjected to a treatment in order to
separate the FXIII accompanying the fibrinogen. This sepa-
ration is carried out by precipitating of the FXIII by addition,
to the eluate to be treated, of a chemical precipitating agent,
which can be present in form of an aqueous solution in a
concentration allowing to attain the desired effect. Preference
is given to aqueous solutions based on citrate salts 1 M, as for
example sodium citrate and, especially, trisodium citrate.
Thus, a precipitate of FXIII and a supernatant highly enriched
in fibrinogen are separated. A very efficient recovery of the
FXIII precipitate can be achieved by filtration on filters of 5
pm.

[0033] The so recovered FXIII precipitate is resolubilized,
preferably in water or in a buffer. In particular, it is dissolved
in a buffer of mixture A, the pH of which is in the range of
6.9-7.1, so that its concentration corresponds to an activity of
about 100 times higher than that of normal plasma. As such,
the FXIII precipitate can be for example solubilized in a way
that its concentration be of about 1 to 5 g of total protein/l.
[0034] According to the invention, solutions of biological
glue (biological glue eluate) and of fibrinogen (supernatant
enriched in fibrinogen) can be concentrated by ultrafiltration,
up to contents typically between 15 and 25 g of total protein/1
determined by classical measuring methods well known to
those skilled in the art.

[0035] The three obtained fibrinogen, Factor XIII and bio-
logical glue solutions, optionally concentrated, are subjected
to a diafiltration step. This step is intended at first to remove
the possible excess, on one hand, of the inorganic salt used for
obtaining solutions with an ionic strength as high as 0.2 M,
and, on the other hand, of the precipitating agent present in the
resolubilized precipitate. It should be noted that the presence
of important amounts of inorganic salt, necessary for eluting
the biological glue, may have a deleterious effect on the
efficiency of the freeze-drying process and also on the viral
inactivation by dry heating, and on the virus retention ability
of a suitable nanofilter. This step can also be necessary in
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order to incorporate, if need be, suitable excipients, stabiliz-
ers and protecting agents, which should allow, on one hand,
the dry heating of fibrinogen, of FXIII and of biological glue,
avoiding the risk of denaturation, and, on the other hand, the
rapid solubilization of the freeze-dried products, typically in
a period of time of 3 to 8 min. The preferred diafiltration
buffer contains the mixture A, and has a pH in the range of
6.9-7.1, in reference to the patent application FR 04 02001
filed by the Applicant.

[0036] It should he noted that an other advantage of the
invention is that, according to other preferred embodiments
the process, the diafiltration buffer comprising the mixture A
can already be present as a component of the biological glue
elution buffer. Thus the carrying out of the diafiltration hap-
pens to be simplified and optimised.

[0037] Diafiltration buffers of different composition can
also be used, depending upon the needs, provided that they
meet the above mentioned requirements.

[0038] The here above mentioned ultrafiltration step can
also be carried out under the same conditions at this stage of
the process.

[0039] The respective solutions, optionally diafiltrated,
optionally concentrated, are freeze-dried by means of classi-
cal methods and under current conditions, that is at a tem-
perature in the range between —-40° C. and -30° C., for about
48 hours.

[0040] Moreover, the process can include at least one step
of viral inactivation and/or viral and the abovementioned
contaminants, such as prions, removal treatment. This treat-
ment can be selected from the group consisting of the chemi-
cal viral inactivation treatment, the nanofiltration and the dry
heat viral inactivation treatment.

[0041] Thus, this step can be carried out by a classical
chemical viral inactivation treatment, preferably consisting
of a solvent-detergent treatment, according to the method
described in the patent EN 0 131 740. Preferably, the viral
inactivating chemical agents are a mixture of Tween®-TnBP,
more preferably, the mixture of Triton® (octoxinol)-TnBP,
typical concentrations of which are of 0.3% (v/v) and 1%
(p/v) respectively. This viral inactivation can be integrated at
any stage of the process, but it can be carried out judiciously
prior to the step a) of the chromatographic purification step.
So it will contribute to an efficient removal of the inactivating
agents.

[0042] In a preferred embodiment of the process, a nano-
filtration step can also be provided for, in order to remove the
viruses, especially non-enveloped viruses and other exog-
enous contaminants, completing the previous chemical viral
inactivation treatment. Filters of 35 nm can be efficiently
used, although other nanometric filters can be used as far as
the filtration periods of time and the efficiency of viral reten-
tion are optimised. The nanofiltration is carried out with the
eluate obtained in step a) or, if the case arises, with the
diafiltrated fibrinogen, biological glue and resolubilized
FXIII solutions, prior to freeze-drying. The judicious choice
of chemical parameters of the chromatographic purification,
and those of the diafiltration allows a flexibility of the carry-
ing out of nanofiltration without modifying its performances.

[0043] Finally, the dry heat viral inactivation treatment can
be carried out on the freeze-dried products fibrinogen, bio-
logical glue and FXIII under classical conditions, at 80° C.,
for 72 hours, in order to inactivate the non-enveloped viruses,
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which would not have been inactivated and/or removed in at
least one of the previous viral inactivation, and/or removal
steps.

[0044] Further, the dry heated freeze-dried products can be
reconstituted in an aqueous medium suitable for clinical use,
preferably in purified water for injection (PPI), and used
directly for intravenous injection.

[0045] Moreover, the process of the invention can comprise
at least one step of clarifying filtration in order to remove
insoluble particles, and at least one sterilizing step, these
being carried out in a current way using filters, for example, of
0.8 to0 0.1 um. Particularly, they are related to the solubilized
prepurified plasma fraction, the eluate of biological glue
obtained in the step b) and/or the diafiltrated solutions of the
three compounds of interest.

[0046] Thus, the carrying out of the process yields freeze-
dried, highly purified biological glue and fibrinogen concen-
trates which have a respective content of fibrinogen, com-
pared to the content of total proteins, of about 90%. Further,
the Factor XIII activities in the biological glue and fibrinogen
concentrates are respectively of about 5 U/ml and ofabout 1.5
U/ml.

[0047] The obtained Factor XIII concentrate is free of con-
taminating proteins, and presents an activity, if need be, in the
range of values of about 30 U/ml to about 700 U/ml, prefer-
ably of 100 U/ml to 400 U/ml, depending upon the concen-
tration obtained by resolubilization of the FXIII precipitate
and/or after ultrafiltration.

[0048] The invention is also related to freeze-dried fibrino-
gen, biological glue and Factor XIII concentrates, obtainable
by performing the above process, characterized in that they
comprise the mixture of diafiltration buffer components (mix-
ture A). Furthermore, the said concentrates can be of thera-
peutic quality thanks to the integration of at least one step of
viral inactivation and/or viral and contaminants removal
treatment, selected from the group consisting of the chemical
viral inactivation treatment, the nanofiltration and the dry heat
viral inactivation treatment, into the process of the invention.
[0049] The following Example illustrates one embodiment
of the present invention without limiting its scope.

EXAMPLE

[0050] 1200 1 of human cryoprecipitate-depleted plasma
are used. This plasma is subjected to a precipitation with
ethanol according to Cohn’s method, under the conditions
known by those skilled in the art, in such a way that the
considered ethanol concentration in the plasma is of 8% (v/v)
and the temperature of the obtained mixture is of -3° C.
[0051] Further, the thus obtained supernatant and precipi-
tate are subjected to a centrifugation. 10 kg of precipitate are
obtained, which is the impure Cohn fraction I.

[0052] Theimpure Cohn fractionI(10kg)is suspended and
washed with 300 1 of buffer <<Blombach>>, comprising a
mixture of glycine 1 M, of trisodium citrate 0.055 M and of
ethanol 6.5% (v/v), at a pH of 6.8.

[0053] After centrifugation, 8 kg of purified precipitate
paste (purified Cohn fraction I) are recovered then dissolved
at a temperature of 37° C., in 60 1 of buffer constituted of a
mixture of sodium chloride 0.12 M, oftrisodium citrate 0.010
H and of arginine 0.05 M, pH 7.4.

[0054] The thus obtained precipitate solution is then sub-
jected to a pre-purification treatment with alumina gel, at a
ratio of 108 g per 1 kg of precipitate paste, at a temperature of
25°C., and a pH of 6.9-7.1.
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[0055] Assoonas the prepurification treatment is achieved,
the solution is subjected to lenticular clarifying filtrations by
means of cellulosic fibres filters (Seitz, type E700) 0 0.65 pm
and to sterile filtrations with filters of 0.2 um.

[0056] This prepurified solution is subjected to a first viral
inactivation treatment by solvent-detergent in presence of
Tween®-TnBP, of concentrations respectively of 0.3% (v/v)
and 1% (p/v), according to the method described in EP 0 131
740.

[0057] The thus treated prepurified solution is diluted to
50% by addition of the required volume of an aqueous triso-
dium citrate 0.010 M solution.

[0058] The thus obtained prepurified solution contains fur-
thermore, besides the fibrinogen and the accompanying Fac-
tor XIII, unwanted proteins, such as immunoglobuins G and
albumin, and contaminants, such as Tween®-TnBP. The effi-
cient removal, thereof is carried out by means of a chromato-
graphic step.

[0059] To this end, the prepurified solution is injected onto
a chromatographic column filled with an anion exchanger gel
DEAE Macroprep (Bio-Rad, France) previously equilibrated
with a buffer constituted of sodium chloride 0.06 M and
trisodium citrate 0.011 M, adjusted to a pH 8.0 M, with an
osmolarity of 130-150 mosmolkg™". Under these conditions,
fibrinogen and Factor XIII, constituting the biological glue,
are retained on the substrate. The weakly retained or not
retained proteins on the substrate are removed into the filtrate,
and Tween® and TnBP as well, by several subsequent wash-
ings with the same buffer.

[0060] When the DO, measured at 280 nm, falls back to the
baseline, the elution of fibrinogen and Factor X111, constitut-
ing the biological glue, is carried out by means of an elution
buffer containing sodium chloride 1M and a mixture A' con-
stituted of trisodium citrate (11.2 g/1), lysine (2.0 g/1), glycine
(2.0 g/1), Tris salt (2.40 g/1), arginine (40 g/1) and isoleucine
(10 g/1), the pH adjusted to 7.5, with an osmolarity>2000
mosmolkg™".

[0061] The thus recovered purified biological glue eluate is
treated by nanofiltration on PLANOVA filters (Asahi, Japan)
of 35 nm, with a surface of 1 m?, in order to remove the
viruses, which would have not been inactivated by the previ-
ous solvent-detergent treatment. The total protein content, at
this stage of the process, is of about 4.0 g/ of solution.
[0062] 50% of volume of the biological glue eluate are
isolated and a solution of trisodium citrate 1M is added to the
remaining volume of eluate in order to precipitate the Factor
XIII. After making sure that the entire amount of Factor XIII
was precipitated, isolation and recovery by filtration on Sar-
topure filters (Sartorius—France) of 5 pm were carried out.
[0063] The thus recovered FXIII precipitate is solubilized
in purified water for injection, with a ratio of about 1 g/1.
[0064] The biological glue (eluate) and fibrinogen solu-
tions are concentrated by ultrafiltration on Biomax Millipore
filters 100 kDa with a surface of 5 m? in a way that the protein
content of each solution attains 15 g/1.

[0065] The concentrated here above solutions and the solu-
tion of FXIII are subjected to a diafiltration on the same filters
then those used for the diafiltration against the here above
defined mixture A', with a pH 6.9-7.1, an osmolarity of 590-
610 mosmolkg ™!, allowing to remove the sodium chloride, as
well.

[0066] After carrying out a sterile filtration on 0.45-0.2 um
filters, 100 ml of each diafiltrated solution were taken and
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were put into glass vials in order to carry out a freeze-drying
at a temperature between -40° C. and -30° C. for about 48
hours.

[0067] The obtained freeze-dried fibrinogen, biological
glue and Factor XIII are subjected to an ultimate step of viral
inactivation by dry heating at 80° C. for 72 hours, and stocked
before being used in therapy.

[0068] The results of quality controls performed on 3 con-
secutive batches are shown in the following Table.

Biological

Proteins FXIII* glue Fibrinogen
Yield (%) — 87 =3 93 x4
FXIII: Ag 31.1+2.1 93+04 2.6+09
(U/ml)
Activity of 333=x15 52+04 1.3+0.6
FXIIT
(U/ml)
Fibronectin 0.16 £0.03 1.10 £0.04 1.10 £0.02
(mg/ml)
IgM (pg/ml) 3504 209 = 46 183 31
1gG (ug/ml) 6x2 296 295
IgA (ug/ml) <12 %3 552 40 =4
FII: Ag 3£0.2 1.9+0.6 1202

(ng/l) (mU/ml) (mU/ml)
Activity of — <13 = <1.3 £0.03
FX (mU/ml) 0.04
Plasminogen — 73 +4 737
(pg/ml)

“total protein concentration of 1.2 g/1

1. A process for preparing a freeze-dried fibrinogen con-

centrate comprising the steps of:

a) loading an anion exchanger of weak base type with a
Cohn fraction I, said exchanger being previously equili-
brated with a buffer having a predetermined ionic
strength of an alkaline pH, thus allowing the retention of
the biological glue containing fibrinogen and Factor
XIII (FXIID),

b) eluting the biological glue by increasing of the ionic
strength of the elution buffer,

¢) separating FXIII from fibrinogen by precipitation of
FXIII by addition of at least one chemical agent to the
eluted biological glue,

d) recovering the supernatant solution containing fibrino-
gen,

e) concentrating the fibrinogen solution,

f) subjecting a diafiltration of the concentrated fibrinogen
solution, followed by freeze-drying the fibrinogen solu-
tion.

2. The process according to claim 1, wherein said first

buffer has an ionic strength of less than 0.2.
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3. The process according to claim 1, wherein the pH of said
first, buffer is in the range of values higher than 7 up to 9.

4. The process according to claim 1, wherein the process
includes, prior to the biological glue elution step, a washing
step with said first buffer of the anion exchanger until not
retained proteins and contaminants are removed.

5. The process according to claim 1, wherein the biological
glue elution is carried out with said second buffer having an
ionic strength in a range between 0.5 and 1.3, the pH of which
is set to a value of 7.4-7.6.

6. The process according to claim 5, wherein said second
buffer further contains a mixture from 10 to 12 g/l of triso-
dium citrate, from 1 to 5 g/I of lysine, from 1 to 5 g/l of
glycine, from 2 to 5 g/1 of Tris, from 25 to 50 g/1 of arginine
and from 5 to 15 g/1 of isoleucine.

7. The process according to claim 1, wherein the chemical
agent precipitating the FXIII is present in the form of an
aqueous solution based on citrate salts 1 M.

8. The process according to claim 1, wherein the diafiltra-
tion is carried out against the buffer containing trisodium
citrate, lysine, glycine, arginine and isoleucine.

9. The process according to claim 1, further comprising at
least one step of viral inactivation and/or viral and contami-
nants removal treatment, selected from the group consisting
ofa chemical viral inactivation treatment, a nanofiltration and
a dry heat viral inactivation treatment.

10. The process according to claim 9, wherein the nanofil-
tration is carried out with the diafiltered fibrinogen, prior to
freeze-drying.

11. The process according to claim 1, wherein a concen-
tration step by ultrafiltration is carried out prior to the step of
diafiltration or following to the said step, prior to freeze-
drying.

12. The process according to claim 1, including prior to
step a), an initial prepurification step of the solubilized
plasma fraction by a classical pretreatment with aluminium
hydroxide and/or by a precipitation at low temperature.

13. The process according to claim 1, of therapeutic qual-
ity, further comprising carrying out of a process including at
least one step of viral inactivation and/or viral and contami-
nants removal treatment, selected from the group consisting
ofa chemical viral inactivation treatment, a nanofiltration and
a dry heat viral inactivation treatment.

14. A freeze-dried fibrinogen concentrate, obtained by the
process according to claim 1.
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